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Fluorescence and blinking characterization of nanographenes and Alexa647
Fig S1. Chemical structure and spectra of nanographene GM-C78 and GM-C96 [1, 2] . 
Light microscopy imaging of 3D crevice structures on coverslips
Conventional light microscopy images of the crevices on the treated coverslip based on transmission light microscopy and fluorescence microscopy are shown in Fig. S12 a and b , respectively. The inset shows the ROI for super-resolution imaging and the ROI indicated in a yellow rectangle was used as a comparison as shown in Fig. S15 . To determine localization of molecules in 3D, a cylindrical lens was inserted in the detection beam path and the point spread function (PSF) was engineered gradually to an elliptical shape. We performed the calibration measurement prior to the super-resolution image acquisition [3] .
A fluorescent bead solution (TetraSpeck 100 nm, ThermoFisher) was prepared by a 1:1000 dilution in dH2O. A drop of 200 µl from the diluted beads solution was applied to a µ-Dish 35 mm (ibidi, Germany). After 5 to 6 hours, water evaporated, and the fluorescent beads were immobilized on the bottom of the dish. After applying 500 µl dH2O in the dish, the fluorescent beads sample was used for calibration.
The fluorescent bead sample was placed in the SR GSD 3D and stabilized for half an hour. After focusing, the fluorescence beads were visible as diffraction-limited spots. Five fluorescent beads were selected and placed at the center of the field of view. A stack of images with 800 nm (-400nm to +400nm) travel range was defined with 10 nm step size and recorded. The acquired image stack was processed using ThunderSTORM [4] . By Gaussian fitting of the fluorescent intensity for each fluorescent bead in all frames, the width of the fluorescent beads at the corresponding axial (z) position was obtained. The resulting 3D calibration curves are shown in Fig. S13(a) . To select the high precision region, the residuals of the calibration curves were analyzed as shown in Fig. S13(b) . The residual of the calibration shows a better precision in the relative axial (z) position between -300 nm and 300 nm; whereas, lower precision is found outside of the -300 nm to +300 nm range. The standard deviation of the calibration curves are 21 nm for the width in the x direction (Wx) and 27 nm for the width in the y direction (Wy). Fig. S15(b) shows a comparison image of the crevice structure using a conventional microscopy method (wide-field) and the super-resolution method (3D SMLM) at a z-plane of the ROI shown in Fig. S12(b) . A separation of 75 nm of the intensity profile can be seen at the transverse plane of the crevice, presenting a higher-resolution image compared with the conventional image. The ROI indicated in red as shown in Fig. S12 (b) was selected for SMLM imaging. The resulting 3D localizations were analyzed by choosing the high precision region in the axial (z) direction between ± 300 nm. The corresponding histogram is shown in Fig. S14 . The localizations were classified into two subsets: the first subset includes the localizations between z = +300 nm and -10 nm which are close to the surface of the coverslip shown in the green region; the second subset represents the localizations between z = -10 nm and -300 nm detected deeper in the cracks of the coverslips shown in the red region. 
Topological scan of the crack structures based on AFM
Using transmission light, the region of the crevices shown in Fig. S12 was identified and then scanned by the AFM. The resulting AFM image ( Fig. S16(a) ) shows irregular cracks. After image registration, a good agreement of the crevice structures image by AFM and image by SMLM can be seen in the overlay image shown in Fig. S16(b) . 
Experimental setup

Single-molecule localization microscopy
All light microscopy measurements were performed using the SR GSD microscope (Leica) equipped with four lasers: 488 nm (300 mW), 532 nm (500 mW), 642 nm (500 mW), and 405 nm (30 mW) for fluorescence reactivation. The 405 nm laser was selected as the back-pumping wavelength for fluorescence recovery.
The specification of the filter cubes are: for the 488 nm laser, the excitation filter (483 nm -493 nm/400 nm -410 nm), the dichroic beamsplitter (496 nm) and the emission filter (505 nm -605 nm/449 nm -451 nm); for the 532 nm laser, the excitation filter (527 nm -537 nm/400 nm -410 nm), the dichroic beamsplitter (527 nm -537 nm/400 nm -410 nm), the emission filter (550 nm -650 nm/449 nm -451 nm); for the 642 nm laser, the excitation filter (637 nm -647 nm/400 nm -410 nm), the dichroic beamsplitter (649 nm), the emission filter (660 nm -760 nm).
The objective lens HCX PL APO 160x 1.43 NA Oil CORR-TIRF was selected for single molecule measurements and superresolution imaging.
The microscope was equipped with an EMCCD camera (iXonDU-897, Andor). The camera settings were 10 MHz at 14 bit and a pre-amplification of 5.1. For super-resolution imaging, the camera exposure time was set to 50 ms and an EM gain of 100 was used. The pixel size of the image was 100 nm.
Atomic force microscopy (AFM)
An atomic force microscope (AFM, Dimension FastScan, Bruker) was used with tapping mode in air. A standard V-shaped silicon nitride cantilever with a pyramidal tip from Bruker AFM probes (OPTESA-R3) was mounted. The average height of the tip was 15 µm and the radius of curvature was around 10 nm with a vertex angle of 35° and 18°. The scan rate was 0.5 Hz and the image size was 512 pixels x 512 pixels.
Sample preparation for single molecule blinking
Coverslip cleaning
For Alexa647, the coverslips (#1.5 high precision) were salinized for 1 h using 0.05% dichlorodimethylsilane in trichloroethylene (while sonicating). The coated coverslips were then firstly washed three times in a sonicating methanol bath and were then rinsed three times with Mili-Q water and finally dried with nitrogen flow.
For nanographenes, the coverslips were cleaned (30 min) in an ultrasonic bath containing soap water. Afterward, they were washed with Mili-Q water and dried under nitrogen flow. The coverslips were cleaned by oxygen-plasma cleaner (250 W, 5 minutes).
Preparation of Alexa647 single molecule samples
For reference measurements, 6 ul (10 pM) GFP-Booster Alexa Fluor® 647 was applied on a prepared coverslip and covered with a cleaned slide. After 2 hours, the slide was removed and the coverslip was washed extensively for 20 times with Mili-Q water.
The prepared sample with single molecules Alexa647 was embedded in 8 ul imaging buffer. The buffer contained Tris (pH 8.0, 50mM), NaCl (10mM), and an oxygen scavenging system (0.5 mg/ml glucose oxidase (Sigma-Aldrich), 40 µg/ml catalase (Sigma-Aldrich), 10% (w/v) glucose and MEA (10 mM)) [5] . The sample was sealed with nail polisher on a slide.
Preparation of nanographene single molecule samples
Nanographene powder was dispersed in toluene and then diluted to 10 µM, 10 nM, 1 nM, 0.1 nM or 10 pM. The solutions were stored at room temperature and were protected from light. Nanographene samples were then prepared according to their imaging environments.
Nanographenes embedded in polystyrene (PS) film:
Polystyrene (0.08 mg/ml) was mixed 1:1 (v/v) with the nanographene solution. 1 µl (10 pM) of the nanographene-PS solution was spin-coated on the cleaned coverslip. The coverslip was firstly spun at 2,000 rpm for 20 s and then at 4,000 rpm for 40 s. The sample was dried on a hot plate by heating to 90°C for 1 h. The prepared glass coverslip was taped to a slide.
Nanographenes in Dulbecco's Phosphate Buffered Saline (DPBS):
The coverslips (#1.5 high precision) were treated with Trimethoxy(2-phenylethyl)silane in a vacuum desiccator for 1.5 h. 8 µl (10 pM) of the nanographene solution was applied on the prepared coverslip and covered with a cleaned slide. After toluene has volatilized completely, the slide was removed. The coverslip was washed extensively around 20 times with Mili-Q water. 8 µl PBS was added on the coverslip, covered with a cleaned slide and then sealed with nail polish.
Data analysis for single molecule blinking
Fluorescence intensity traces were extracted by first generating a maximum intensity projection of the recorded frames. Fluorescence signals in this projection were localized using the Thunderstorm-plugin in Fiji [4, 6] .
We then calculated the intensity trace for each localization throughout all frames of the raw data as the total background corrected intensity in a 7 x 7 ROI around the localized coordinates. The local background for every localization in every frame was cal culated within a 17 x 17 ROI. Pixel values bigger than 5 times the standard deviation within this ROI were excluded from background calculation as they were considered as fluorescence signal. Calculated total intensities within the ROIs were then plotted for every frame.
Calculation of photons per blinking event was done by localization of the nanographenes in every frame of the recorded imaging data. Localizations were then filtered according to the expected width of the signals. Localizations appearing in consecutive frames were then merged. To account for low photon yields that might lead to missed detections, we allowed one dark frame between two detections for merging. As spatial constraint we used a maximum distance of 80 nm, a rather large radius was chosen to allow localizations with low photon counts to be still properly merged.
The histogram of photon counts was then generated and fitted by a monoexponential function. Reported mean values are derived from the fit. Error bars indicate the 95% confidence interval of the fit.
The mean blinking duration was extracted from the same localization data. The mean value was derived from a single exponential fit. Error bars are the 95% confidence intervals of the fit.
The duty cycle is the fraction of time a molecule resides in its fluorescent (on) state and was calculated according to [5] .
Sample preparation for crevices on a coverslip
A mild "etching" method was used to induce nanoscale cracks on the coverslip [7] . A borosilicate coverslip (ibidi, gridded glass coverslips grid-50) was firstly cleaned in an ultrasonic bath containing soap water. Afterward, it was cleaned with a UV-Ozone cleaner for 30 min and treated with sodium hydroxide solution 4 M at room temperature for 24 h. Then the coverslip was washed with water, acetone, and toluene and further cleaned by plasma cleaning. The "crack" structures were fluorescent "labeled" by applying a drop of 5 µl DBOV-Mes (1 nM) onto the coverslip.
